Abstract 2-Acetyl-1,4-benzoquinone underwent rapid 1 : 1-addition of 1,l-dimethoxyethene at position 3 to give a 2,3-dihydro-2,2-dimethoxybenzofuran derivative (2). Ring opening of this cyclic orthoester and subsequent ring closure onto the acetyl group gave a naphthalene derivative incorporating the 1,3-dioxygenation pattern found in many polyketides.
respectively. Its structure is analogous to those of other stoichiometric 1 : 1 adducts reported earlier.
On mild treatment with sodium methoxide in methanol compound (2) efficiently underwent ring opening to give the phenylacetate derivative (3) after workup. It showed two carbonyl absorption bands in the infrared while its p.m.r. spectrum was consistent with replacement of the two methoxy groups of (2) by a single methyl ester (6 3.60). It readily gave a diacetate (4).
Whilst the phenylacetate (3) was stable in the solid phase, it was converted into a new product during preparative thin-layer chromatography. This was formulated as the lactone (5) on the basis of a new carbonyl absorption band at 1799 cm-' and the absence of any methoxy resonance from its p.m.r, spectrum. The corresponding acetate (6) was formed from the diacetate (4) by treatment with acetic anhydride and sulfuric acid. The lactone (5) has been reported previously1 as a by-product which was acetylated to (6).
The ester grouping in the ring-opened compound (3) was suitably positioned for intramolecular cyclization onto the adjacent a~e t y l .~ This was achieved by contact with sodium methoxide in boiling methanol. The presumed product (7) was not isolated as such but was converted directly into the known tetraacetate (8).738 The yield was limited (18 %), exclusion of air being necessary in view of the susceptibility of the tetra01 (7) and of the derived 5,7-dihydroxy-l,4-naphthoquinone to basecatalysed oxidation. However, the overall sequence (1) + (8) has generated a new benzenoid ring having the 1,3-dioxygenated pattern of substitution found in many polyketides. Development of this approach to the synthesis of significantly more complicated natural polyketides is being investigated.
Experimental
Unless otherwise stated infrared spectra were measured as KBr discs, electronic spectra in ethanol (95%) and p.m.r. spectra in CDC13. Chemical shifts are quoted on the 6 scale from SiMe4 as internal reference.
Addition of 1,I-Dimethoxyethene to 2-Acetyl-l,4-benzoquinone
A solution of 2-acetyl-1,4-benzoquinone (4 g) in dry dimethyl sulfoxide was treated with 1,ldimethoxyethene4 (6 g). The mixture, which rapidly became hot, was allowed to stand for 10 min and then poured into ethyl acetate (300 cm3). The resulting solution was washed with water (6 x 300 cm3) and dried; the solvent was evaporated under vacuum to give orthoester (2), yellow crystals (3.39 g), m.p. 108-11O0, from ethyl acetate (Found: C, 60.6; H, 5.8. Cl2H14O5 requires C, 60.5; H, 5.9%). 3,,,,(log~) 22Osh, 234,256, 357nm(4.07, 4.10, 3.90, 3.54) . ~,,,1630cm-~. 62.49, s, COCH3; 3.37, s, 2 x OCHB; 3. 45, s, CH2; 6.75, 6.90, d, d, J 8 . 5 Hz, 2xArH. mle238 (M, 7076) .
Ring Opening of Orthoester (2)
A solution of the orthoester (100 mg) in methanol (50 cm3) was stirred at room temperature for 1 h with a solution of sodium (4 g) in methanol (50 cm3) under nitrogen. The mixture was then cooled to 0' and acidified with chilled dilute hydrochloric acid. It was diluted with water (500 cm3) and then extracted with ethyl acetate (6x 100 cm3). After removal of the solvent under vacuum the residue (80 mg) was recrystallized from ethyl acetate to give the methyl ester (3) as pale yellow plates, m.p. 188-189". This value is close to that of the lactone (5) and there was a pronounced phase change during melting, suggesting the possibility of lactonization during the process (Found: Bycroft, B. W., Roberts, J. C., and Baker, P. M., J. Chem. Soc., 1964 Soc., , 2289 ' Garden, J. F., and Thomson, R. H., J. Chem. Soc., 1957 Soc., , 2483 (3) On attempted preparative t.1.c. on silica gel GF the ester (3) (45 mg [These electronic, infrared and p.m.r. data do not agree with the literature.' However, the literature data are themselves incompatible with the assigned structure in lacking, for example, a high frequency carbonyl band in the infrared and in containing two methyl p.m.r. resonances. These literature data are actually consistent with a second structure described in the same section of the Experimental. Transposition of the two sets of literature values would lead to compatibility with the assigned structures and to reasonable agreement with the values quoted here.]
Lactonization of Ester

Lactonization of Ester (4)
A solution of ester (4) (45 mg) in a mixture of acetic acid (1 cm3), acetic anhydride (1 cm3) and sulfuric acid (1 drop) was boiled for 1 h. Workup in the usual way gave the lactone acetate (6), yellow needles, m.p. 129-1 30°, from benzene/petroleum (lit.' 126-127 "). Tetraacetate (8) A solution of ester (3) (95 mg) in methanol (1 cm3) was flushed with dry nitrogen, added dropwise to a boiling solution of sodium (500 mg) in methanol (10 cm3) under nitrogen and the mixture boiled for a further 7 min. Most of the solvent was removed under vacuum. Chilled acetic anhydride (5 cm3), freshly flushed with nitrogen, was then added. The mixture was shaken for 5 min, cooled and poured into ethyl acetate (50 cm3). This was then washed with water (3 x 50 cm3), dried and solvent evaporated. The residue (91 mg) was subjected to preparative t.1.c. in chloroform. The major band (27 mg) gave naphthalene-1,3,5,8-tetrayl tetraacetate (8), as colourless needles, m.p. 185-186", from ethyl acetate. It was undepressed in admixture with an authentic sample (lit7 181 ") and had identical infrared absorption, p.m.r. spectrum and chromatographic behaviour. A,,, (loge) 228, 291, 327 nm (4.82, 3.85, 3.23) . v, , , 1768 cm-'. 6 2.30, s, 02CCH3; 2.35, s, 2 x 0zCCH3; 2.41, s, 02CCH3; 6.96-7.58, m, 4 x ArH.
Naphthalene-1,3,5,8-tetrayl
